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- E Portland General Electric Corinpany

July 10, 1979

Trojan Nuclear Plant
Docket 50-344
License NPF-1

Director of Nuclear Reactor Regulation
ATTN: Mr. A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Reaccor:
U.S. Nuclear Regulatory Commission
Washington, ™. C. 20555

Dear Sir:

Fnclosed are the answers prepared by Bechtel Power Corporation to the
remaining five questions from your letter of May 18, 1979. This sud-
mittal answe.s the last of the formal questions posed by your staff.
A revision tyv PGE-1020 covering updated irformation will be issued
shortly.

Sincerely,

¢: Mr. R. H. Engelken
Nuclear Regulatory Commission

Mr. Lynn Frank

State of Oregon
Department of Energy
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Q. 13.

Angwer:

Page 1 of 4 pages

Discuss in detail how the effects of creep and shrinkage (e.q.
dead weight reductions, tension fields etc.) have been fac-
tored into your consideration of the walls' shear strengths

and stiffnesses.

Creep of concrete is the time~-dependent deformation resulting
from the presence of stress whereas shrinkage in concrete is
its contraction due to drying and chemical changes dependent
on time and on moisture conditions, but not on stresses.
Generally both creep and shrinkage have little effect on the
strength of the structure, but they will cause a redistri=
bution of stress in reinforced concrete members at the service
load deflections. 1In the Complex walls, however, the shear
walls are interrupted at the floor levels by the structural
steel beans which, due to long term creep and shrinkage defor-
mations of the walls, may cause some redistribution of the
direct dead load of the walls and transfer it to the encased
structural steel columns. Normally, such a redistribution
will not have any adverse effect on the overall structure as
the steel columns have adeguate reserve capacity to withstand
the effect of additional load. However, since both the
capacity and stiffness of the walls are dependent upon the
level of dead load stress on them, a reduction in dead load,
if any, would have some effect on their shear resistance

capabilities.

POOR ORIGINAL
Ui Vildin

86057



L siad 4

MAAP v

Q. 13.

Page 2 of 4 pages

Several empirical methods exist for the calculation of creep
strajns. The most widely used metnod is that recommended by
ACI Committee 209. The method gives the creep coefficient

of concrete C, as a function of several dependent variables,
where Ct is the ratic of creep strain to initial elastic
strain. The calculated value of the total long-term unre-
strained strain of a typical wall panel is considered in
conjunction with the axial stiffness of the wall, the bending
stiffness of the floor beam and the axial stiffness of the
steel column. It is found that in order to maintain displace-
ment compatibility in the area of the beam-column connection
and the adjacent portion of the wall panel, approximately 5%
of the direct wall load will be transferred to the steel
column. This evaluation provides an upper bound estimate
since it ignores the part of the dead load which is trans-
ferred directly through the outside continuous masonry
wythe and considers the entire dead load as coming through
the floor beam. The analysis also ignores the stress reliev-
ing effect of the local creep in the zones where the load 1is
being transferred from the walls to the encased steel frame.
The local creep will tend to relieve the stress buildup in
the concrete adjacent to the beam-column connection which
will in turn reduce the load transferred from the walls to
the steel frame due to the overall creep and shrinkage.

Zvaluation of shrinkage strain in the walls of the Complex
is difficult to guantify. It is generally accepted that
moisture content and shrinkage strain are directly rel-
ated, and therefore from the moisture diffusion phenomenon

§-{' r’ﬂ
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Page 3 of 4 pages

the migration of moisture through concrete as a function of
time would provide an indication of the snrinkage strain if
the boundary conditions and physical properties are properly
specified. In the Complex walls, however, the core concrete
was poured in between the previously constructed masonry
wythes which were used as formwork. Therefore, moisture in
the concrete woul.d not have a free passage to diffuse to the
surface thereby allowing the concrete to dry out and shrink-
age strain to develop. Results of tests reported in the
paper, "Effects of Normal and Extreme Environment on Rein-
forced Concrete Structures" by Bresler ar! Iding, published
in ACI SP 55-11, indicate that for specimens having thick-

nesses comparable to the thicknesses of the Complex walls,
an unrestrained concrete snrinkage strain would be approxi-

mately 100 x 1078 inch/inch. Since the wall panels in the
Complex are constrained from free movement by at least the
continuous reinforcing steel in the masonry wythes and be-
cause of the restriction in the passage of moisture flow,

the resulting shrinkage strain will be considerably less
than the above unrestrained value of 100 x 106 inch/inch.

Based on the above, an appropriate value of shrinkage strain
will be approximately 70 x 10-® inch/inch, which would
result in about a 5% shift of dead load from the wall to the
steel column.

The long-term effect of creep and shrinkage in the existing
walls of the Complex, therefore, will result in shifting of
approximately 10% of the direct dead load from the wall to

ﬂfuﬁi
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Page 4 of 4 pages

the structural columns. This reduction in wall dead load has
been .accounted for in the percentage variation while consider=
ing wall stiffnesses, as explained in response to Question No.
47. Por evaluation of the wall capacities in accordance with
the procedure described in Secticn 3.4.2.2 of PGE~1020, the

direct dead load has not been reduced. However, as explained

in response to Question No. 14, the lateral loads on the Com-
plex walls will cause a portion of the vertical column load to

shift back to the walls, which for the OBE event has been
neglected. Although the actual amount of the load shift is

difficult to quantify, it is reasonable to assume that the
effects of lateral load and creep and shrinkage in the com-
posite walls will tend to compensate each other. Also, the
response to Question No. 15 discusses that although the cal-
culated maximum vertical amplification is 16%, a valuz of 30%
has been assumed, resulting in a 13% dead load reduction.

All the direct dead load at all levels o° the walls has been
reduced by this amount resulting in a conservative estimate
of the wall dead load. Furthermore, as discussed in response
to Question No. 43, the wall capacities have been conserva-
tively evaluated in PGE-1020, and a realistic assessment,
even with reduced direct dead load that could be caused by
the effects of creep and shrinkage, will result in wall
capacities much in excess to those reported in PGE-1020.

POOR ORIGIAL
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Answer:

Page 1 of 2 pages

Provide the upper limits for the relative displacement of the
Turbine and Control Buildings, considering the test results,
in the areas where the existing shake space is being reduced

by the addition of the steel plate and verify that there is
adequate clearance everywhere.

The table below provides the upper limits for the relacive
displacements of the Turbine and Control Buildings in the
areas where the existing gap is affected by the addition of
the steel plate. These areas are at the Turbine Building's
floors at elevations 93'0 and 69'0 for movement in the east~-
west (EW) direction. For movement in the north-south (NS)
direction, Turbine Building column S41 has to be considered.
Displacements are given for the SSE since it results in
slightly l»raer values than the OBE. The Control Building
displacements sre based on shear wall stiffnesses obtained
from the test daty. The gap provided, shown for comparison,
provides adequate clearance everywhere.

Maximum EW Displacements
(Inch) SSE .25q

EL ¢3¢ EL 69'
Turbine Building (TB)
€ 5% damping 0.9 0.15
P oy |
58‘(‘1 ‘5
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Q. 20, Page 2 of 2 pages

Control Building (CB)
€ 5% damping 0.046 0.031

ABS Combination
T8 & CB 0.94¢6 0.)81

Gap provided after 2.0 2.5
modifications are made
as discussed in Response
to Question No. 36
Maximum NS Displacements
(Inch) SSE .25g

EL 93’

Turbine Building (TB)

@ 5% damping 1.25
Control Building (CB)

€ 5% damping 0.086
ABS Combination

TB&CB 1.336
Gap pro: ided at plate 4.0

586¢ (574
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Answer:

Pay . of 6 pages

Provide the relationships between stiffness and load degrada-
tion vs. the number of stress cycles at the stress levels to
which the walls are loaded to substantiate that the structure
will withstand several OBLs followed by an SSE. Indicate the
number of full stress reversal cycles considered for each

event and the number of OBEs considered for evaluation pur-
poses and the basis for cach choice.

The test specimens were subjected to many phases of cyclic
loading as explained in Section 1.4.2, Appendix A of PCE-
1020. 1In general, each of the load-controlled phases in the
elastic range had two complete cycles while each of the defor-
mation controlled phases in the inelastic range had three
complete cycles. As shown in Table 40-1, six specimens were
tested under cyclic loadings at various stress le-

vels. T[ive of the six specimens (except L2) were subjected
to many load cycles in the elastic range at stress levels
varying between 0.45 and 0.71 times the ultimate stress. The
L2 specimen was cycled a number of times in the inelastic
range by controlling the deformation to +0.2",

586063
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Page 2 of 6 pages

The cycling in the elastic range was discontinued whenever

the specimen had stabiliz:d, i.e., the successive cycles did
not cause any new crack, extend the existing cracks or
noticeably increase the deformation. Further cyclic loading
on a stabilized specimen would not have altered its behavior,
For example, Table 40-2 shows the stabilizing nature of speci-
men A5 under 11 cycles at a stress level of 0,67 times the
ultimate stress. From the behavior of the test specimens, it
can be concluded that Trojan type shear walls can withstand
without undue deterioration a large number of seismic oscilla-
tions at a stress level near 0.6 times the ultimate stress

or less.

It is difficult to determine the number of OBEs at a given
site or the number of full stress cycles per OBE. The OBE is
generally considered to be the largest earthquake that could
occur at the site during the life of the plant. For seismic
qualification of equipment (which has low damping), I1EEE- 344
suggests 10 maximum stress cycles per OBE. The NRC Stancard
Review Plan also provides quidelines for the number of stress
cycles for subsystem qualification which suggests the same
number of cycles per OBE. For reinforced concrete structures
which have higher damping, the number should be much smaller.
The ability of a structure to withstand several OBEs depends
on its capability to absorb energy as well as the strength

of its major elements. The area under the hysteresis loops
shown in Appendix A, PGE1020 indicates that the wall
specimens develop much higher damping or energy absorbing

S86C€4
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capability than is considered in calculating the seismic design
forces [or the Complex. This higher damping capability and

the results in Tables 40U-1 and 40-2 provide good assurance

that the Complex can adeqguately withstand several OBEs
followed by an SSE.

The above discussion 1s based on a conservative asscssment of
the structural response. If a more realistic approach were

taken, the followiny additional conditions exist. As men-
tioned above, the test specimens intrinsically exhibit
highcr damping than was used for determining the seismic
desiyn torces. This will not only recduce the number of full

stress cycles to less than 1lU, but will alsc provide a reduc-
tion in the shear load on the walls, thereby reducing the

amount of degradation. As indicated 1n Table 4U-1, the test
specimens, except L2, were subjected to load-controlled cycles,
1.e. the shear load was brought up to a constant level in

each cycle and the dellection developed accordingly. In the
actual walls, this uncontrolled deflection cannot take place
since the walls are connected by floor slabs which act as

diaphrams. If a portion of a wall becomes slightly overload-
ed during an OBE and the stif{fness starts to degrade, the

de{lection wiil be controlled since it 1s connected to other
portions of the wall and adjacent walls. This vill result in

some redistribution of loads, resulting in less stiffness

o867 €5
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degrzdution {rom that obtained from the test specimen. The
comparison of the capacities and thc shear forces in the
~omplex (Section 3.5 of PGE 1020) shows therc is adequatc
capacity su that if localized yielding should occur, it would
be on a local basis and a total wall at a given level will

not yicld.
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Q. 40. Page 5 of 6 pages

Table 40-1 Specimens Subjected to Many Cyclic Loadings

Deqgradation of

Stress No. of Stiffness

Specimen Level Cycles (Secant Modulus) Load
A4 0.45 Vu' 10 -8% o
AS 0.67 v, 11 12% 0
B4 0.66 Vu 21 9%
Cl .68 Vv, 11 25% 0
L1 0.71 Yy 5 21%
Lavee *0.2" 6 27% 26%

-

Notes: Vy is the ultimate shear stress

Cycling in a load controlled phase

*##% (Cycling in the inclastic post-ultimate stage by

controlling the deformation to be within + (,2",

o7 Sl S
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Tabie 40-2 Bchevior of Specimen AS5S at a Stress Level of 0.67vu

Current Stiffness/ Average

Cycle Sticfness at Cycle 1 Deflection {(inches)
1 1.0 0.01235
2 0.97 0.01285
3 G.9y 0.013¢60
- 2.95 0.01335
5 0.93 0.01340
- 0.92 0.01340
7 0.92 0.01340
8 0.91 0.01360
4 0.91 0.01360
10 0.90 0.01370
11 0.88 0.01400

st cR



Q. 44. Page 1 of 3 pages

provide the relative displacement profiles between the com-
plex and other structures, along with the allowable, at the

comthed OBE stress levels in the walls and the factored OBE
stress levels in the walls considering the test data results.

Answer:

The two structures which interface with the Complex are the
Turbine Building and the Containment. The relative displace-
ments of the Turbine Building and the Complex corresponding
to an SSE event and the existing gap between the two struc=
tures are given in response to Question No. 20. The table
below provides the displacements of the Complex (at the inter-
section of column 11res©and ) and the Containment for OBE
and SSE events. The displacements of the Complex are based
upon stiffnesses of the shear walls as obtained from the test
data and as descrioed in Appendix B of PGE~-1020.

| Maximum Displacements (inch)

Elevation| Building OBE:0.15g,8=2%|SSE: 0.25g,8=5%
| | ~5 | E=W | N-S5 | E-W
117! |Complex | .06u | .049 | .061 | .050
|Containment | .088 | .088 | .094 | .094
93" |Complex } .032 | .029 | .033 | .030
|Containment | .058 | .058 | .062 | .062
77" (Complex | .024 | .025 | .024 | .026
|Containment | .039 | .039 | .042 | .042
65" |Complex | .027 | .011 | .017 | .011
iContainment | .026 | .026 | .028 | .028

[
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The relative displacements of the twc structures can be con-
servatively obtained by taking the absolute summation of the

respéctive displacements at various levels. The gap provided
exceeds the calculated relative displacements by a wide margin.

The deflections of the Complex due to a factored OBE condi=-
tion were estimated as follows:

For each area of the R-wall, the unfactored OBE shear stress
determined from the STARDYNE model was multiplied by 1.40.
For this new shear stress value a new stiffness was estimated,
using figures B9, B10, and Bll from PGE-1020. It was found
that, for the worst area, the stiffness was reduced by a fac-
tor of 3.1 with the average stiffness reduction for the
elements 0f the existing wall being about 1.6. The new
structural elements are expected to have a smaller stiffness
reduction. However, if all the elements present had their
stiffness reduction factor reduced by a factor of 3.1, the
displacements would increase by a factor of 1.4(3.1) = 4.3.
Because the R-wall is the most heavily stressed wall, the
factor as calculated above can be taken as an upper bound for
the deflection increase in the Complex due to a factored OBE.

Since the Containment is constructed of prestressed concrete,
it would be expected to maintain its stiffness to hignher
stress levels. This would cause the OBE factored loads to be
associated with deflections 1.4 times those produced by the
unfacto.ed OBE loads. However, even if the Containment de=-
flections were to double, the absolute sum of Containment and
the Complex deflections will be less than the space provided.
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Page 3 of 3 pages

The Control Building deflections at the Turbine Building
interface for an SSE event are given in response to Question

No. 20. The deflections for an OBE will be approximately 2%
less than those for an SSE. If the OBE deflections are .in~

creased by a factor of 4.3 (as obtainaed above), a conserva=-
tive estimate of the displacemeni corresponding to a factored

OBE can be obtained. As can be seen from the response to
Question No. 20, the computed displacements of the Complex

for factored OBE, when combined absolutely with the Turbine
Building displacements for an SSE, will result in combined

relative displacements which are less than the gap provided.
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Answer:

(a) Page 1 of 2 pages

Provide the secant modulus derived for each of the test
grecimens vs. stress level: a comparison of the experimental
1n1tf§l elastic modulus for the test specimens vs. that cal-
culated using the formula in Section 2.2.1.3.2 of Appendix B;
the error bands, and their deviation, for the curves represen-
ting stiffness reduction as a function of stress level; and

the stresses in each of the walls resulting from incorpor=
ation of the stiffness reduction factors in the STARDYNE
model along with the associated stiffness reduction factors
assumed in the analysis.

The secant modulus vs. shear stress for the test specimens is
shown in Figures 46-1 through 46-20. A comparison between

the experimental initial elastic modulus and that calculated
using the formula in Section 2.2.1.3.2 of PGE-1020, Appendix
B cannot be made since the initial modulus cannot be deter~-
mined experimentally. The instrumentation was not suffi-
ciently sensitive to measur< the small deflections required
for the calculation. Deflections need to be measured reliably
to the nearest .0002 inch at the early stages of deformation.
puring this stage, the test specimen and load frame is set-
tling in, play in instrumentation is being taken up, etc.

Care was taken to minimize these effects but all could not be
completely eliminated since the movements being considered are
between 1 and 10 times smaller than the thickness of this
paper. Some difficulty was even encountered at the first
load step but for the other load steps the deflections were
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Q. 46.

(a) Yage 2 of 2 pages

large enough so that effects were not important. ASs shown in
Figures 46-1 to 46-20, there are in general two data points
at tﬂ; first load step. The top part is obtained from the
average deflections recorded on each side of the specimen

and the other is obtained from the most active dial gauge.
The initia)l modulus used in the plot was calculated using

the egua.ion in PGE-1020, Appendix B. AN error snalysis of
the data could not be made since there are not enough speci-
mens with duplicate conditions to provide sufficient data
base. The effect of variation is considered in the broal-

ening of the response spectra.



R T EEN LA LT

S e kA A R N

— . S——

. -

Qt “o

Answer:

{b) Page 1 of 3 pages

Since the stiffness reduction factors are not linear with
strees level discuss the effect of transverse gross overturn-
ing moments and transverse inertial wall loadings, plus the
effects of creep and shrinkage on the stiffness in a given
direction. Discuss the affects of the emcedded steel framing

and how it was incorporated into your analyses.

It is well recognized that the stiffness of reinforced con-
crete structures reduces when the load is increased. For a
shear wall system in general, this reduction is due to minor
flexural cracking in the early stages cf deformation and
diagonal cracking in the final stages at deformation. The

amount of stiffness reduction depends on the reinforcing
steel ratic, and the magnitude of the lateral load and the

axial load. 1In order to develop a rational approach to ac=
count for this reduction in stiffness, the stiffness of the
test specimens was determined as a function of shear stress,
reinforcing steel ratio and axial load. The results indic-
tated the same general trends that have been observed by
others. The stiffness reduction factor has been non-
dimensionalized to increase its applicability. The type of
behavior experienced by the test specimens is gencrally the
same type of behavior that the actual walls of the Complex
will experience, i.e. bending deformation. The actual
walls have the steel frame encased in them. In order to
factor this into the stiffness determination, t>. presence

586074
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(b) Page 2 of 3 pages

of the frame has been considered as contributing to the over-

all §0nding moment resistance of the Complex and as such
can be considered as additional reinforcing steel. The

amount of reinforcing steel is related to the beam-column
connection capacity and is taken as

A 4V

lfyD

where V = AISC Table I allowable shear load for the beam=-
celumn connection
§ = capacity reduction factor, 0.9
£ = yield stress of the reinforcing steel

y
D = depth of the panel for which the stiffness reduc~
tion factor is being determined

A, = cross-sectional area of equivalent reinforcing
steel per unit length.

The factor of 4 in the numerator results from the OBE
capacity of the beam-column connection being twice the AISC
Table I value; the other factor of two resulte from the
shear being at the edge of the panel and therefore approxi-
mately twice as effective as uniformly distributed rein-
forcing steel.

In considering the variation of the stiffness due to gross
bending moment, transverse inertia loads, creep and/or

shrinkage, the significance of the variations should also be
considered. The variation of stiffness due to shear stress
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(b) Page 3 of 3 pages

is accounted for explicitly in the iteration process dis-

cussed in PGE-102(, Appendix B. The variations contributed
from the other sources have bee: considered for their effects
on the forces in the Complex w.lls and the floor response
spectra. As is discussed in response to Question 47, the
change in frequency due to the inclusion of the stiffness
reduction factors is relatively small since the overall shear
stresses are low. Since the change in frequency is small,
the spectral acceleration associated with the various modes
will only change slightly resulting in a small overall change
in the inertia loads and associated forces in the Complex

walls.

Possible variations in the stiffness could affect the floor
response spectra by shifting the centra) freguency associated
with the peaks. As indicated above, this change is small.
Even though the stiffness reduciion factor is a non-linear

function of shear stress, the amount of shift cannot be sig-
nificant and is accounted for in the broadening of the floor

response spectra discussed in Question 47,

5861 76
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Anguer:

(c)

Also, indicate why the results of the specimens with struts
were not incorporated into your stiffness considerations.

The stiffness reduction factors are intended to be used to
describe the stiffness of the composite sections of the Com-
plex walls. To obtain this information from the specimens
with the struts, the interaction of the steel struts, which
are external, and the test specimen would have to be evalua-
ted. This would be difficult and the results would neces-
sarily depend on the simplifying assumptions.

1f one assumes the struts were an extension of the test speci-
men resulting in an increase in reinforcing steel, a rough
approximation might be obtained. Information in this reinfor-
cing steel range, however, was obtained from specimens Jl, Ll
and L2 without making such assumptions.

Since the interaction between the specimen and the struts is
difficult to evaluate with confidence and similar results are
available from other specimens, stiffness results are not used
from the specimens with struts.

e
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Figure 46- 2  Secant Modulus, Specimen A-2
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